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Abstract 
The present study is a first study of the diversity of subterranean ants in Sumatra Island, Indonesia. 
Subterranean probes and traps were used to collect ants at Educational and Biological Research Forest 
(EBRF), Universitas Andalas, Sumatra, Indonesia. A total of ten species of ant [Hypoponera truncata (F. 
Smith, 1860); Lophomyrmex bedoti Emery, 1893; Odontomachus minangkabau Satria et al., 2015; 
Odontoponera denticulata (F. Smith, 1858); Pheidole aristotelis Forel, 1911; Pheidole sp. 1 of HH; 
Pheidole sp. 3 of HH; Pheidole sp. 12 of HH; Pristomyrmex bicolor (Emery, 1900); Selenopsis geminata 
(Fabricius, 1804)] that belonging to two subfamilies, seven genera and 330 individuals was collected. 
The subfamily Myrmicinae was the highest number of species which were dominated by Lophomyrmex 
bedoti and Pheidole sp. 1 of HH in the number of individual. These two species was found at every level 
of four level of soil depth. The subterranean probes were collected more species of ants than the 
subterranean trap with 0.92 and 0.75 in diversity indices. 
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1. Introduction 
On history of earth, ants are known with its greatest success of the terrestrial insects. The ants 
monopolize 25% or more of the terrestrial animal biomass in tropical regions [1, 2]. This insect 
are play various functions in the ecosystems as predator of small invertebrates [3], mechanical 
decomposers [4], seed dispersers [5] and soil mixers [6]. On the other hands, not a few ant species 
have been known as invasive species negatively affecting native ecosystems, agriculture, 
public health and social infrastructure [7]. Due to its abundance in ecosystem and some species 
prefer the specific habitat for nesting, make the ants as the best subject for monitoring of 
habitat and climate changes in ecosystem [8-10].  
The soil and ground litter of the world’s angiosperm forests, and especially tropical forests, 
comprise the habitat with the highest density and species diversity of ants [11]. Ant assemblages 
present a great vertical stratification, with microhabitats showing strong differences in relation 
to species composition. Among the microhabitats, the hypogaeic ant has been poorly studied. 
Hypogaeic or subterranean ants live in the deeper soil layers, which make the sampling 
logistics and operability a difficult work [12]. Subterranean ants in particular are thought to have 
a significant environmental impact, although difficulties associated with collecting ants 
underground and examining their ecology and behavior have limited research [13]. It is widely 
believed that the diversity and abundance of subterranean ants may be greater than current 
surveys indicate [14]. 
Although many studies and researches have been achieved to reveal the diversity and species 
composition of the ground ants fauna [15], the subterranean ant usually unexplored, because the 
limitation of the collecting method, so the diversity of subterranean ant is poorly known. 
However, several new genera and species of ants have been described and collected from the 
soil core samples [16-19]. On the other hand, the arboreal ant is easier to study than the 
subterranean ant, such as the information of arboreal ants in Japan [20], and diversity of ants on 
Macaranga trees from Sumatra [21]. The present paper is the outcome of our long-term project 
for revealing the diversity and species composition of ants from Sumatra, and aimed to provide 
the information of subterranean ant.  
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2. Materials and Methods 
Study Area: Ants were collected from Educational and 
Biological Research Forest (EBRF), Universitas Andalas in 
Indonesia (Forest edge and Inside Forest) (1o00’S, 100o30’E). 
The altitudes of the locations range from 250 to 450 m above 
sea level; temperature-range during the study was about 28 to 
32oC. Ants were sampled using subterranean traps similar to 
those used by [22] and modified of subterranean probes [13] on 
13 of August 2017. Twenty traps and ten probes, each 
separated by 10 m, were implanted along each of two 200 m 
transect (total: 40 traps and 20 probes each) at two types of 
habitat (Forest and forest edge). Traps and probes were 
collected 24 h after placement. Comparison with arboreal ant 
on Macaranga spp. in EBRF was made (see [23] and Table 2). 
 
Subterranean trap 
The traps were capped plastic vials (8 cm high and 2 cm in 
diameter), with four holes each side (2 mm diameter) to allow 
ants access. To attract ants, sausage was wrapped with gauze 
or thin cloth and was hanged inside the vial. Honey was 
smeared on cotton and put in the bottom of vial. Traps were 
implanted into holes that were drilled into the soil by using 
crowbar at different depth (20 cm and 50 cm). A length of 
string or wire extending above the soil surface was attached to 
each trap, to facilitate trap relocation after burial. 
 
Subterranean probe 
Probe was modified to those used by Wilkie et al. [13], the 
probe was 50-cm-long plastic pipes (2 cm in diameter). The 
50-cm-long plastic pipes was divided into four part of pipes 
(each part 12,5 cm in length) and each part was connected by 
Styrofoam which was fit into pipes so ants in one 
compartment could not move within the probe to another 
compartment. Four holes were made at each side (2 mm in 
diameter) to allow ants access. To attract ants, sausage was 
wrapped with gauze and was hanged in each compartment. 
Honey solution was smeared on cotton and put in the bottom 
of each compartment. Traps were implanted into holes which 
were drilled into the soil by using crowbar at 50 cm depth. 
Top and bottom of pipes were capped and a length of string or 
wire extending above the soil surface was attached to each 
probe, to facilitate trap relocation after burial. 
 
 
 
Fig 1: Design of subterranean trap for subterranean ant collection at 
EBRF, Universitas Andalas. 
 
 
Fig 2: Design of subterranean probe for subterranean ant collection 
at EBRF, Universitas Andalas. 
 
Identification: Ants were sorted to genus and morphospecies 
level at the Animal Taxonomy Laboratory of the Department 
of Biology of Universitas Andalas. Ant specimens were 
identified using the identification guides of [24-27]. The ant 
specimens were deposited in the Laboratory of Animal 
Taxonomy, Department of Biology, Universitas Andalas, 
Padang, West Sumatra, Indonesia. 
 
Data Analyses.  
The subterranean ant species diversity were calculated using 
Shannon-Wiener index [28] by the following equation: 



s
i
H
1
'
pi ln pi 
 
where: H’ is Index of species diversity; “pi” is the proportion 
within the sample of the number of individuals of “ith” 
species and it is denoted as ni/N, where “ni” is the number of 
“ith” species and “N” is the total number of individuals. 
 
3. Results and Discussion 
A total of ten species of ant that belonging to two subfamilies, 
seven genera and 330 individuals were collected from two 
sites of EBRF Universitas Andalas by using subterranean 
probes and traps (Table 1). The subfamily Myrmicinae was 
the highest in number of species (seven species) meanwhile 
Formicinae was found three species (Table 1 and Fig. 2). The 
dominance of Myrmicinae was also reported in previous 
studies even though the methodology was different [7, 15, 17, 29]. 
The genus with the highest in the number of species was 
found in Pheidole (three species) meanwhile another genus 
only found one species each. The study of subterranean in 
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Amazonia also found that Pheidole was the genus with the 
highest in the number of species [13].  
The total number of ant species collected was higher in the 
forest (80 %) compare to the forest edge (50%) showing the 
complexity of ant inside a forest compare to disturbed area 
such as forest edge. Shannon-Wiener diversity index of 
subterranean ant in the forest was 0.89 and at forest edge was 
lower with 0.68, meanwhile the diversity index of species 
combined was 1.21. The diversity indices of ants collected 
seems low since the total number of species richness not so 
high and some species dominated others such as 
Lophomyrmex bedoti and Pheidole sp. 1 of HH that were 
found very high in the number of individuals (Table 1). 
The number of ant species among different depth was also 
various. Three or four ant species were found at 12.5, 20 
(subterranean trap) and 25 cm in depth. Total number of ant 
species were higher at 37.5 and 50 cm in depth (six species 
each) (Table 1). This condition was different with 
subterranean ant that was reported at Amazonian [13] and 
Brazil [30] which found that the number of species of ants was 
reduced with the increase of depth.  
 
Table 1: List of subfamily, genera, species and individual of subterranean ant species collected by using subterranean trap (20 and 50 cm in 
depth) and subterranean probe (12.5, 25, 37.5 and 50 cm in depth) at Educational and Biological Research Forest of Universitas Andalas, 
Padang, West Sumatra, Indonesia. 
 
No Subfamily Species Site  Depth (cm) Method  
   Forest Forest Edge 12.5 20 25 37.5 50 Probe Trap Total 
1 Myrmicinae Lophomyrmex bedoti Emery, 1893 106 73 3 57 4 80 35 97 82 179 
2  Pheidole aristotelis Forel, 1911  37 4   3 30 37  37 
3  Pheidole sp. 1 of HH 91 1 1 86 1 1 3 6 86 92 
4  Pheidole sp. 3 of HH 1      1 1  1 
5  Pheidole sp. 12 of HH 2    2   2  2 
6  Pristomyrmex bicolor (Emery, 1900) 1     1  1  1 
7  Solenopsis geminata (Fabricius, 1804) 1     1  1  1 
8 Ponerinae Hypoponera truncata (F. Smith, 1860)  4  4   4 4 4 8 
9  Odontomachus minangkabau Satria et al., 2015 6 2 5  1 2  8  8 
10  Odontoponera denticulata (F. Smith, 1858) 1      1 1  1 
Diversity Indices 0.89 0.68      0.92 0.75 1.21 
 
Table 2: List of arboreal ant species collected at Macaranga spp. plants in EBRF Universitas Andalas, Padang, West Sumatra, Indonesia. 1−5 = 
species of Macaranga plants (1 = M. depresa, 2 = M. gigantea, 3 = M. hypoleuca, 4 = M. javanica, 5 = M. tanarius, 6 = M. triloba, N = Total 
number of individuals [23]. 
 
No Subfamily Species Macaranga spp. N 
   
1 2 3 4 5 6 
 
1 Dolichoderinae Dolichoderus (Hypoclinea) affinis Emery, 1889 
 
  24   24 
2 
 
Technomyrmex albipes (F. Smith, 1861)      1 1 
3 Ectatomminae Gnamptogenys menadensis (Mayr, 1887)  2     2 
4 Formicinae Anoplolepis gracilipes (F. Smith, 1857)    5   5 
5 
 
Paratrechina longicornis (Latreille, 1802)  30     30 
6  Polyrhachis (Myrmhopla) abdominalis F. Smith, 1858  2     2 
7  Polyrhachis (Myrmhopla) jerdonii Forel, 1892 1      1 
8 Myrmicinae Crematogaster (Decacrema) borneensis André, 1896 571   18 449 3752 4791 
9  Crematogaster (Decacrema) decamera Forel, 1910 198     1192 1390 
10  Crematogaster (Physocrema) yamanei Hosoishi & Ogata, 2009 48 25 14   238, 328 
11  Crematogaster (Physocrema) sp.  65  14  30 109 
12  Monomorium floricola (Jerdon, 1851)    24   24 
13 Ponerinae Diacamma holosericum (Roger, 1860)  1     1 
 
The specific of environmental condition probably the main 
reason of the differences. Three ant species (Pheidole sp. 12 
of HH, Prystomyrmex bicolor and Hypoponera truncata) that 
found in this study were not found in ground dwelling ant list 
of EBRF (Herwina, unpublish), meaning that seven species 
(70 %) of ant collected was also found as ground dwelling 
ants of EBRF. 
Comparing with arboreal ant that visited Macaranga spp. 
from six study sites of EBRF (Table 2) which found a total of 
13 species of ant that belonging to nine genera and five 
subfamilies, no even one ant species that similar with these 
subterranean ant. The differences of microhabitat should be 
the main reason beside of specific foraging behavior and 
distribution of ants. However, Myrmcinae also the subfamily 
with the highest in the number of species, followed by 
Dolichoderinae, Ectatomminae and Ponerinae [23]. In 
Macaranga spp. trees, most of Myrmicinae species were 
genus Crematogater (five species) and one species of 
Monomarium. The highest number of Crematogaster species 
because of their behavior that use to stay with colony inside 
Macaranga stem and use it as a nest. 
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Legend A: 
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25 cm  
 
Fig 3: Ant fauna distribution collected by using subterranean trap 
(20 and 50 cm in depth) and subterranean probe (12.5, 25, 37.5 and 
50 cm in depth). A: Schematic of probe showing location of depth. 
B: Ant species found in traps at different soil depth. 
 
Figure 3 showing the distribution of each ant species among 
different depth and different collection methods. Six species 
of ants were found only in one level of depth. Pheidole sp. 12 
of HH was found in 25 cm of depth, Prystomyrmex bicolor 
and Solenopsis geminata were found at 37.5 cm depth 
meanwhile Hypoponera truncate, Odontoponera denticulate 
and Pheidole sp. 3 of HH were found only in 50 cm depth.  
Lophomyrmex bedoti and Pheidole sp. 1 of HH were found at 
every level of depth and were appeared with the highest in the 
number of individual. Both of this species also were collected 
by both methods (subterranean trap and probe) that indicating 
the abundance of the species at every level of depth (Figs. 2 
and 3). Lophomyrmex bedoti was known nesting under rocks 
or in the soil near the living tree. The nest structure of this 
species constructed with many chamber, and 10 chambers 
were reported in the previous study, but not found any dealate 
queen [29]. Odontomachus minangkabau, the new ant species 
for EBRF [31] was found only by subterranean probes at three 
level of depth (12.5, 25 and 37.5 cm) as well as Pheidole 
aristotelis that was collected by subterranean probe at 12.5, 
37.5 and 50 cm in depth (Table 1).  
Subterranean probe seems more effective by collecting seven 
species of ants rather than subterranean trap that only able to 
collect three species of ants. The diversity index of ants 
collected by subterranean probe was higher than by 
subterranean trap (0.92 and 0.75). Level of depth, size and 
variation of baits placement inside probes and traps possibly 
also affected ant collection effectivity. Subterranean traps was 
also collected fewer species compared to the conventional 
pitfall traps in Brazil [30]. The type of bait that used in 
subterranean trap also have influenced the result for attracted 
the ants, the combination of meat and honey in the present 
study is similar to the study of subterranean ant in Southern 
Brazil [12], but the collection time in that study more longer 
than the present study, 48 h remained the trap in the field [12]. 
It was make the number of collected species higher than the 
present study. In general, the pitfall trap for collecting the 
ground ant remained in the field for 48 or 72 hours, while in 
the present study we only placed the subterranean trap for 24 
hours [32]. We recommend for the time of remained 
subterranean trap in the field longer than 24 h, so that the ants 
have enough time to rebuild theirs tunnels. 
 
 
 
Fig 4: Two ant species that were found at every level of depth of subterranean probe and subterranean traps at EBRF 
Universitas Andalas. A: Lophomyrmex bedoti, B: Pheidole sp. 1 of HH 
 
The various species of ants are live in surface of earth as well 
as in the subterranean and arboreal. The ants from two 
distinctive communities, subterranean and arboreal, were 
overlap little with the ground-foraging community, and they 
not influenced by changes in ground cover [33]. This is the first 
subterranean ant report from Indonesia so we could not 
compare with other subterranean ant in other part of Indonesia 
for a while. However, we understand that we need to do more 
sampling since our collection in this preliminary study still 
using 24 hours sampling period. We would like to know the 
effect of sampling length to the effectivity of subterranean 
trap and probe to the diversity of Sumatran ant in the next 
opportunity. 
 
4. Conclusions 
The distribution of ten ant species collected by using 
subterranean probe and subterranean trap at four level of soil 
depth at EBRF Universitas Andalas showing that all species 
collected were completely different from arboreal ant species 
collected previously on Macaranga spp. However, some of 
species were also found as ground dwelling ant of this 
location, suggesting that the specific distribution of 
subterranean ant should be consider for the arrangement of 
combination methods of ant collection in ant biodiversity 
rapid assessment. 
 
5. Acknowledgements 
Author wish to thanks Animal Taxonomy Laboratory member 
of Universitas Andalas for participation in field sampling and 
laboratory activities (Ahmad Effendi, Listina Yulfita, Putri 
Gita Ananda, Riri Tuningsi, Mustika Wulandari, Refi Junaidi 
and Robby Jannatan). This research was funded by The 
 ~ 1724 ~ 
Journal of Entomology and Zoology Studies 
 
Minister of Research, Technology and Higher Education of 
the Republic of Indonesia through the International 
Collaboration and Publication Project 2017 with contract no: 
10/UN.16.17/PP.KLN/LPPM/2017 (Team Leader: Henny 
Herwina). 
 
6. References 
1. Hölldobler B, Wilson EO. The Ants. Harvard University 
Press, 1990. 
2. Schultz TR. In search of ant ancestors. Proceedings of the 
National Academy of Sciences, USA. 2000, 97:14028-
14029. 
3. Brady SG, Fisher BL, Schultz TR, Ward PS. The rise of 
army ants and their relatives: diversification of 
specialized predatory doryline ants. BMC Evolutionary 
Biology. 2014; 14:93. 
4. Ramón G, Danoso DA. The role of ants (Hymenoptera: 
Formicidae) in forensic entomology. La Revista 
Ecuatoriana de Medicina y Ciencias Biológicas. 2015; 
36:19-26. 
5. Rodriguez-Cabal MA, Stuble KL, Guenard B, Dunn RR, 
Sanders NJ. Disruption of ant-seed dispersal mutualisms 
by the invasive Asian needle ant (Pachycondyla 
chinensis). Biology Invasions, 2012; 14:557-565. 
6. Jones CG, Lawton JH, Shachak M. Organisms as 
ecosystem engineers. Oikos. 1994; 69:373-386. 
7. Herwina H, Nasir N, Jumjunidang, Yaherwandi. The 
composition of ant species on banana plants with Banana 
Bunchy-top virus (BBTV) symptoms in West Sumatera, 
Indonesia. Asian Myrmicology. 2013; 5:151-161. 
8. Fayle TM, Turner EC, Snaddon JL, Chey VK, Chung 
AYC, Eggleton P et al. Oil palm expansion into rain 
forest greatly reduces ant biodiversity in canopy, 
epiphytes and leaf-litter. Basic and Applied Ecology, 
2010; 11:337-345. 
9. Brühl C, Eltz T. Fuelling the biodiversity crisis: species 
loss of ground-dwelling forest ants in oil palm plantations 
in Sabah, Malaysia (Borneo). Biodiversity and 
Conservation, 2010; 19:519-529. 
10. Philpott SM, Armbrecht I. Biodiversity in tropical 
agroforests and the ecological role of ants and ant 
diversity in predatory function. Ecological Entomology. 
2006; 31:369-377. 
11. Wilson EO, Holldobler B. The rise of the ants: a 
phylogenetic and ecological explanation. Proceedings of 
the National Academy of Sciences, USA, 2005; 
102:7411-7414. 
12. Schmidt FA, Solar RRC. Hypogaeic pitfall traps: 
mthodological advances and remarks to improve the 
sampling of a hidden ant fauna. Insectes Sociaux. 2010; 
57:261-266. 
13. Wilkie KTR, Merti AL, Traniello JFA. Biodiversity 
below ground: probing the subterranean ant fauna of 
Amazonia. Naturwissenschaften. 2007; 94:725-731. 
14. Longino JT, Colwell RK. Biodiversity assessment using 
structured inventory: capturing the ant fauna of a tropical 
rain forest. Ecological applications, 1997; 7:1263-1277. 
15. Herwina H, Nakamura K. Ant species diversity studied 
using pitfall traps in a small yard in Bogor Botanical 
Garden, West Java, Indonesia. Treubia. 2007; 35:99-116. 
16. Bolton B. Secostruma, a new subterranean tetramoriine 
ant genus (Hymenoptera: Formicidae). Systematic 
Entomology. 1988; 13:263-270. 
17. Belshaw R, Bolton B. A new myrmicine ant genus from 
cocoa leaf litter in Ghana (Hymenoptera: Formicidae). 
Journal of Natural History, 1994; 28:631-634. 
18. Eguchi K, Hashimoto Y, Malsch AKF. Pheidole schoedli 
sp. n. (Hymenoptera: Formicidae), a subterranean species 
found from North Borneo. Myrmecologische 
Nachrichten. 2006; 8:31-34. 
19. Eguchi K, Bui TV. Parvimyrma gen. nov. belonging to 
the Solenopsis genus group from Vietnam (Hymenoptera: 
Formicidae: Myrmicinae: Solenopsidini). Zootaxa. 2007; 
1461:39-47. 
20. Harada Y. Arboreal ant fauna of Joyama Park, 
Kagoshima Prefecture, southern Japan. Asian 
Myrmecology, 2011; 4:79-87. 
21. Putri D, Herwina H, Arbain A, Handru A. Ant species 
composition in Macaranga spp. trees at a conservation 
forest of palm oil plantation in West Sumatra, Indonesia. 
Journal of Entomology and Zoology Studies. 2016; 
4:342-348. 
22. Andersen AN, Brault A. Exploring A New Biodiversity 
Frontier: Subterranean Ants in Northern Australia. 
Biodiversity Conservation. 2010; 19:2741-2750. 
23. Putri D, Herwina H, Salmah S. Ant Species 
(Hymenoptera: Formicidae) on Macaranga spp. in 
Educational and Biological Research Forest (EBRF), 
Universitas Andalas in Indonesia. Proceeding Seminar 
and Yearly Meeting FMIPA. Lampung University. 2013, 
217-222. 
24. Bolton B. Identification guide to the ant genera of the 
world. Cambridge, Mass.: Harvard University Press, 
1994, 222. 
25. Bolton B. AntCat.org: An online catalog of the ants of 
the world. Downloaded from http://antwiki.org on 22 
January, 2016. 
26. Hashimoto Y. Identification guide to the ant genera of 
Borneo. In: Inventory and Collection (eds. Hashimoto Y, 
and Rahman H), UMS-BBEC Press, 2003, 95-160. 
27. Ito F, Yamane S, Egucchi K, Noerdjito WA, Kahono S, 
Tsuji K et al. Ants Spesies Diversity in the Bogor 
Botanic Garden, West Java, Indonesia, with Description 
of Two New Spesies Of The Genus Leptanilla 
(Hymenoptera: Formicidae). Tropics. 2001; 10(3):379-
404. 
28. Magurran AE. Measuring Biological Diversity. 
Blackwell Publishing. Australia, 2004. 
29. Moffett MW. Observations on Lophomyrmex ants from 
Kalimantan, Java and Malaysia. Malayan Nature Journal. 
1986; 39:207-211. 
30. Pacheco R, Vasconcelos HL. Subterranean Pitfall Traps: 
Is It Worth Including Them in Your Ant Sampling 
Protocol?. Psyche, 2012, 1-9. 
31. Satria R, Kurushima H, Herwina H, Yamane S, Eguchi 
K. The trap-jaw ant genus Odontomachus Latreille from 
Sumatra, with a new species description. Zootaxa. 2015; 
4048:1-36. 
32. Agosti D, Majer LE, Alonso, Schultz TR. Ants Standard 
Methods for Measuring and Monitoring Biodiversity. 
Smithsonian Institution Press. Washington and London, 
2000. 
33. Lubertazzi D, Tchinkel WR. Ant community change 
across a ground vegetation gradient in north Florida's 
longleaf pine flatwoods. Journal of Insect Science. 2003; 
3:1.  
